Abstract
Introduction
It has been established that children with less educated parents have inferior health status in their childhood and later in life compared to children with high educated parents (Case, Lubotsky & Paxson, 2002; Gakidou et al., 2010) . Parental education may influence adult health only indirectly, i.e. as a result of the fact that children with low educated parents are themselves likely to obtain lower final educational levels, in turn associated with inferior health outcomes. This indirect effect is called the pathway hypothesis. (Marmot et al., 2001) . Conversely, the inferior health may also be explained through a lasting, or accumulated, effect of inferior living conditions during childhood and adolescence. This direct effect is called the life course hypothesis (Kuh et al., 2003) . The life course hypothesis can be further divided into (i) the accumulation, (ii) the critical period and (iii) social mobility hypotheses (Mishra et al., 2009) .
Although evidence in support of the life course hypothesis exists, this evidence is mainly based on observations of child health, or adolescent health (Kuh et al., 2003) . In studies on health outcomes at relatively young ages, a higher prevalence of diseases among children in families with lower socio-economic status was found (Case et al., 2002) . Also, disease severity was worse among these families. Given that children born in families with low socio-economic position (SEP) have inferior health, it is then assumed that health problems at a young age are also related to poor health outcomes later in life. However, directly linking parental education to actual health outcomes later in life remains difficult, due to the long latency period in both cardiovascular disease and cancer (Gluckman et al., 2008) .
In this study we evaluated the relation between parental education and subsequent health in later life as actually observed, i.e. hospital admission and death occurring in individuals older than 50 years. To this end, we used extensive registry data on a large population-based cohort with long term follow-up and information about potential confounders. Our data includes International Classification of Diseases (ICD) 9 or 10 codes for all hospital admissions in Sweden for the period [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] and data from the cause of death register. Thus, the usual extrapolation from child health to adult health could be avoided.
We studied the interaction between own education and paternal as well as maternal education on the health outcomes. This framework allowed us to test the pathway against the life course hypotheses. The life course hypothesis would predict an independent effect of parental education conditional on own education. We also discussed to what extent the results may be attributed to each of the three life course hypotheses mentioned above.
Since the available data did not allow us to identify the causal effect of education on health outcomes -i.e. we were unable to separate out the effect of education itself from all possible confounding factors -we limited the study to view education as a marker of socio-economic position.
Method Data selection
In our study, we included all individuals born in Sweden between 1940 and 1949 and obtained the identities of these individuals from the population census. Information on date and region of birth as well as gender for the index persons and their parents, was collected from the population census (Statistics Sweden, 2009a) . The linkage between the two generations was achieved through the Swedish Multi-generation Register (Statistics Sweden, 2009b) .
Health
Data on all hospital admissions between 1987 and 2005 were collected from the Swedish National Patient Register (Socialstyrelsen, 2009a) . This register contains administrative information such as date of admission, number of days in hospital care, as well as discharge diagnoses classified according to ICD 9 or ICD 10 codes. This data did not include out-patient visits and day surgery. Data on the occurrence of co-morbidities was limited and likely to be less accurate than data on the main disease of interest. Therefore, we did not use co-morbidity data in our analysis.
Information on the cause of death, for deceased index persons, was obtained from the National Cause of Death Registry for the period 1987-2006 (ICD 9 and ICD 10 codes) (Socialstyrelsen, 2009b) . Data on all hospital admissions due to cancer were obtained from the Swedish Cancer Registry (Socialstyrelsen, 2009c) . This register covers the whole population of Sweden and comprises all cancer diagnoses recorded, among others, as ICD 7 codes. The completeness of the registries has previously been shown to be very high (Barlow et al., 2009; Socialstyrelsen, 2009a; Socialstyrelsen, 2009b; Socialstyrelsen, 2009c) .
Education
Data on highest educational level for the index persons was collected from the 1990 records in the Swedish Register of Education (Statistics Sweden, 2004) . For the parents, the corresponding information was obtained from the 1970 census (Statistics Sweden, 2009a) . The original education levels were re-coded into low education level, i.e. compulsory education up to vocational schooling, and high education level, i.e. upper secondary education up to doctoral education, for both index persons and parents. This categorization was required as the use of multiple education levels would result in a too large number of combinations of education of the index person, the father, and the mother. Moreover, only very few of the parents attained high education levels, which would result in many combinations with very few index persons and parents if more than two education levels were used.
Income and immigration
Data on taxable income from labour in 1990 was obtained for the index persons from the National Tax Register (Statistics Sweden, 2009c ). The population census was used to collect information on migration status.
Definition of the cohort
In order to have accumulated a substantial medical history, the selected index persons should be as old as possible, e.g. around the age of 70 in 1990. However, parental education levels were only available for parents born from 1912 onwards. Therefore, we selected individuals born in the period 1940-1949, who had parents born from 1912 onwards, as index persons. Subsequently we assessed the medical history of the index persons starting from the age of 50 years. As a result, any disease histories resulting in death before the age of 50 were not taken into account. For each index person we retrieved all relevant hospital admissions and, if the index person had died, the cause of death. The risk of hospital admission related to cancer was ascertained twice, once using the Swedish National Patient Register and once using the Swedish Cancer Registry.
Statistical analyses
First, we estimated differences in incidence rates of hospital admission for index persons with low and with high education. Second, we estimated incidence rate ratios for the effects of high versus low maternal education level, and high versus low paternal education level, separately for index persons with low and high education level. Homogeneity of these groups of index persons was assessed with the Mantel-Haenszel test (Kirkwood and Sterne, 2003) . Finally, we used Cox proportional hazard competing risk models (Kirkwood and Sterne, 2003) . The dependent variable was time to the event under study, with the event defined as the primary diagnosis for hospital admission or death of the index person. For hospital admission, time to first hospital visit beyond the age of 50 years, caused by the indicated diagnosis was used. For mortality, the time to death by diagnosis group for index persons dying after the age of 50 years was used. For the analysis of mortality this means that individuals dying from another diagnosis than the considered type are treated as right censored at the date of death. Variables in the Cox model explaining the time to event were: education of the mother (high/low), education of the father (high/low), income of the index person (tertiles), sex, year of birth of the index person (1940/41, 1942/43, …, 1948/49) , period of birth of the mother (1912/21, 1922/31) , period of birth of the father (1912/21, 1922/31) , adoption (yes/no), and region of birth in Sweden (northern, central, southern) . Index persons with low and high education were analyzed separately. All analyses were performed with STATA 9.2 SE (StataCorp, Texas, USA). Figure 1 shows the flowchart for the data retrieval and selection process. Data was available on all relevant variables for 458,966 index persons and their parents after data selection. A large number of index persons had to be excluded, due to missing data on parental education levels. This selection accounted for 97% of all excluded index persons, and was mainly caused by one parent or both parents dying before the 1970 census in which data on education levels was collected. Table 1 shows descriptive statistics of the final dataset. In general, education of the father was higher than that of the mother. Furthermore, education of the index-persons was in general higher than parental education levels. Because the average age at the end of follow up was around 61 years, more than half of the index persons (54.6%) had not been hospitalized, and only 3.3% had died during follow up. In total 4.9 million years of follow up were available. The effect of education of the index persons on the risk of hospital admission is shown in Table 2 . In this table, all rate differences are positive; indicating that a low education level of the index persons increased their risk of hospital admission, for all disease categories considered.
Results
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(n = 458,966) (n = 458,966) To investigate whether the effects of maternal and paternal education level are similar in index persons with low and with high education, crude effects were estimated, as ratios of incidence rates, and are shown in Tables 3A-B . From these tables we see that, in general, high education of the mother and high education of the father reduced the risk of hospital admission, in both index persons with low and with high education themselves. However, for many disease categories, this reduction is more pronounced in individuals with high education level. Also, high maternal education appeared to be slightly more beneficial than high paternal education in most disease categories. The Mantel-Haenzel test indicated that the two subgroups of index persons were not homogeneous for several disease categories. In our subsequent, adjusted analyses, based on the Cox model, we therefore stratified by education level of the index persons. Tables 4A-B show the hazard rates from the Cox models for high versus low parental education level, separately for hospital admission and death. An interaction term for education of the mother and education of the father was initially included in the Cox model. However, this term was not significant in our analyses and subsequently dropped from the model.
Hospital admission and death for low educated index persons
From Table 4A we see that high maternal education level was associated with a 5% lower risk of hospital admission in general, but not with a lower risk of death for low educated individuals. Although the risk of hospital admission due to ischemic heart disease was lower, this was not the case for the risk of death due to ischaemic heart disease. Furthermore, the risk of hospital admission due to cerebrovascular disease was increased by 12%, although not significantly, and the risk of death due to cerebrovascular disease was increased by 91% as well (significantly).
High paternal education level was significantly associated with a 7% increased risk of hospital admission due to cancer and a 15% increased risk of admission due to mental disorders, and with decreased hospital admission due to all types of circulatory diseases, most notably a 10% reduced risk of hospital admission due to ischaemic heart disease. Furthermore, high paternal education level was significantly associated with a 13% increased risk of death in general, specifically a 10% increased risk of death due to cancer and a 59% increased risk of death due to mental disorders. Table 4B shows that a high level of education for either the mother or the father was associated with a 3-5% significantly decreased risk of hospital admission in general for index persons with high education. In particular, there was an association between high parental education and a reduced risk of hospital admission for circulatory diseases. However, this association was no longer observable for the corresponding risk of death. Moreover, high maternal education was significantly associated with a 61% increased risk of death due to ischaemic heart disease. Finally, high paternal education level was no longer significantly associated with an increased risk of admission or death due to mental disorders, as it was for index persons with low education.
Hospital admission and death for high educated index persons
Cancer related hospital admission
The hazard rates for hospital admission due to cancer, and the association with high education levels of the mother and father of the index persons, are shown in Tables 5A-B. Table 5A shows the results for low educated index persons and Table 5B shows the results for high educated index persons. In general, parental education level was not associated with substantially lower or higher risk of admission due to cancer. However, high paternal education level was associated with a marginally significant 5% increased risk of admission for any cancer type, and a 20% decreased risk of admission due to haematopoietic cancer for index persons with low education. Also, a high paternal education level may be linked to a 16% increased risk of admission for breast cancer in high educated women. 
Discussion
Addressing the research questions
The main objective of the paper was to test the pathway hypothesis against the life course hypothesis. To reject the pathway hypothesis, it is sufficient to show that there is an independent effect of parental education on adult health status, not just an indirect effect through the individual's own educational attainments. In Table 4 we showed that there is an effect of parental education on hospitalization also after stratifying on own educational attainments. This result is shown for the group of low educated individuals in Table 4A and for high educated individuals in Table 4B . For both groups, the results suggest that the effect mainly can be attributed to circulatory diseases. Our interpretation of these results is that we can reject the pathway hypothesis and maintain the life course hypothesis.
As described in the Introduction, the life course hypothesis can be further divided into (i) the accumulation, (ii) the critical period and (iii) social mobility hypotheses (Mishra et al., 2009) . Under the accumulation hypothesis, the effect of staying in a particular SEP increases with the time spent in the SEP, while according to the critical period hypothesis, health or vulnerability to disease is to a large extent determined during a particular period of an individual's life course. Several previous studies have pointed out the very early period in one's life as of particular interest (Barker, 1995; Barker, 1999) .
The support for the life course hypothesis obtained in this study: the independent effect of parental SEP on health later in life is in line with the critical period hypothesis, since parental educational attainments are closely associated with the individual's SEP during childhood and adolescence. To what extent the effect of SEP on health is accumulated over the life cycle is beyond the scope of this study and cannot be inferred from our results.
Under the social mobility hypothesis, the social mobility in itself, has an effect on health outcomes. The result that high paternal education is associated with increased mortality in low educated individuals, as shown in Table 4A , supports this hypothesis. Our interpretation of this result is that individuals originating from homes with high educated fathers who do not acquire more than compulsory schooling themselves, are on average adversely selected. They are more likely to have initial characteristics, or characteristics acquired early on, that are associated with both lower probability to obtain more than compulsory schooling and higher mortality, compared to the group originating from homes with low educated fathers. The estimated effect is thus not causal, but rather due to selection (Haas & Fosse, 2008; Blumenshine et al., 2008; Jackson, 2009 ).
Previous findings
A systematic review of 29 previous studies on the relation between childhood SEP and health outcomes later in life has showed an independent relation between childhood SEP and the outcomes of mortality in stomach cancer and haemorrhagic stroke (Galobardes, Lynch & Davey Smith, 2004) . The reviewed studies also found a relation between childhood SEP together with SEP in adult life and mortality in coronary heart disease and lung cancer, as well as in respiratory-related deaths. An update of the review including 11 additional studies confirmed the inverse relation between childhood SEP and mortality for all but one of the reviewed studies (Galobardes, Lynch, & Davey Smith, 2008) . Adjusting for adult SEP accounted to a varying degree for the association.
An inverse effect of SEP measured in childhood and adolescence was found on lifestyle factors related to mortality in coronary heart disease, allcause mortality and cardiovascular mortality for a cohort of 49,323 Swedish males born 1949 -1951 (Hemmingsson and Lundberg, 2005 . The study found that a substantial part of socio-economic differences in cardiovascular decrease among middle-aged men can be attributed to SEP in early life. A persistent adverse effect of low childhood SEP on adult health was also found in a 1,000 cohort of 26 year old individuals born in New Zealand in 1972-1973, when investigating health outcomes, including dental health and substance abuse (Poulton et al., 2002) . A long-lasting effect of parental SEP on several diseases, in particular mortality from cardiovascular disease, was found in a sample of about 5,500 men aged 35-64 years drawn from 27 workplaces in Scotland (Smith et al., 1997) . Moreover, in a study on differences in mortality by cause of death between individuals originating from different SEP groups, an adverse effect of childhood SEP on mortality in stroke and stomach cancer in adulthood was found, when controlling for adult SEP (Smith et al., 1998) . Finally, an excess all-cause mortality as well as mortality due to ischaemic heart disease was demonstrated in a cohort of Swedish men born in 1946-1955 for individuals with non-employed and manual labour parents (Vagero and Leon, 1994) . These findings provide support for the cumulative life course hypothesis.
In contrast, support for the pathway hypothesis was found in a study on coronary heart disease incidence, chronic bronchitis and depression in a sample of about 10,000 UK civil servants aged 35-55 years (Marmot et al., 2001) . Here, childhood SEP did not have an effect on adult health outcomes when controlling for the SEP of individual. A study on a sample of 2,636 Finnish men yielded similar results: individuals with low income were found to have an increased risk of all cause and cardiovascular mortality relative to high income men (Lynch et al., 1994) . Finally, evidence from a schooling reform did not indicate a substantial, direct effect of parental education on child health (Lindeboom, Llena-Nozal, & van der Klaauw, 2009 ).
Strengths
In this study we used data on parental education, income and health outcomes for all individuals born in Sweden between 1940 and 1949. Our study extends several aspects of the previous literature, as our data allowed us to study actual endpoints for all diseases, rather than a specific subset of diseases occurring either later in life or during adulthood. Compared to other registrybased studies, our analyses are more comprehensive, as we used data on health outcomes for a general population, i.e. not restricted to any occupational group or group of workplaces, and were able to adjust for important and potentially confounding factors. Also, we studied the direct relation between health and education, rather than a relation based on social class or income. Finally, given our large cohort, we were able to effectively analyze health outcomes separately for children who move up and children who move down in educational levels. The sheer numbers allowed subgroup analyses for samples based on own educational attainments.
Limitations
Our study has certain limitations. First, we used the primary diagnosis codes for hospital admissions to detect hospital admission due to diseases. However, from our data it was not possible to distinguish admission for follow up examinations from admission due to the event itself. As a result, admissions found just after the age of 50 might have occurred for either a new first admission, e.g. for a myocardial infarction at the age of 51, or a follow up check after a myocardial infarction at the age of 49. However, in both cases, the event of interest had occurred and only the time to event might have been recorded incorrectly. Moreover, this can only occur during the first 1 or 2 years of follow up. Second, we used income level measured at a single point in time as a proxy for SEP. Although such a proxy may be imprecise, we obtained the income of the individuals when they were 40-50 years old, i.e. generally by the time their career would plateau and when their income should be relatively stable (Haider & Solon, 2006) . Third, we performed a large number of tests on our data, which may lead to chance findings. For example, high maternal education was associated with an 82% lower risk (not significant) of admission for kidney cancer for index persons with low education level, and high paternal education level was linked to a 16% statistically significant increased risk of admission for breast cancer for high educated women. These may be chance findings. Alternatively, the first finding may be explained by a study showing that conditions in utero, reflected by birth weight, may affect the risk of renal cell cancer in adulthood (Bergstrom, Lindblad, & Wolk, 2001 ) whereas the second finding may be explained by a higher age at first childbirth and fewer children for high educated women, as well as a more stringent self-diagnosis and compliance with screening compared with low educated women (Heck and Pamuk, 1997; Hussain et al., 2008) . Fourth, given our selection process, in which index persons with parents who died relatively young had to be excluded, the least healthy families may have been excluded from our analysis. This may have resulted in an underestimation of the effect of parental education on adult health. Hence, the risk of disease, and associated mortality, may be larger than indicated in our results for index persons with low versus high maternal or paternal education level. Finally, we assumed that within the period of our analysis, factors affecting illness behaviour and referral practices in Sweden did not change substantially. This may not hold for all diseases, but is more likely to hold for many of the severe and lifethreatening diseases on which we focus in our analysis.
Policy implications
Our findings have implications for the evaluation of programmes aimed at improving education or reducing health inequalities, and for projections of future health care needs of populations. Improvements in population education levels may have health effects beyond the cohort attaining more education. Our results show that it may be misleading to use cross-sectional data to establish the relation between educational attainments and health when education is seen and used as marker of a life course disadvantage. At least some of the health differences are acquired early on and educational attainments are correlated across generations. This, in turn, implies that the estimated health effects of educational policies designed to increase the educational level of the population are likely to be biased when the persistent effects of parental education are ignored. This bias should be added to the bias originating from unobserved confounders that may plague observational studies on the effects of educational attainments on various individual outcomes.
